Hypertension ranks among the diseases with the highest number of efficacious and well-tolerated non-drug and drug therapies. Clinical trials have showed that the efficacy of drugs in the prevention of cardiovascular events was predicted by the intensity of their blood pressure (BP)-lowering effect. 1 There are scarce evidences about the efficacy of non-drug interventions in the prevention of cardiovascular events. A meta-analysis of clinical trials showed that low-salt diets were associated with small and nonsignificant reduction in the incidence of cardiovascular events and total mortality, an effect compatible with the small difference in the consumption of salt and BP between the experimental groups. 2 A re-analysis of the same trials, excluding one with patients with heart failure and merging the trials with normotensive and hypertensive individuals, found a significant reduction in the incidence of cardiovascular mortality. 3 There is no clinical trial testing the efficacy of low-calorie diet and physical exercises to prevent cardiovascular events.
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The efficacy of many non-drug interventions to lower BP, such as low-sodium and weight reduction diets, and of physical activity, was demonstrated in many clinical trials and confirmed by meta-analyses. [4] [5] [6] Nonetheless, the long-term effectiveness of these recommendations outside the controlled conditions of clinical trials was not demonstrated to date. Regardless the absence of such demonstration, patients usually receive the advice to follow low-salt and low-calorie diets and to do some kind of physical exercise. In this report, we show that adherence to low-salt and to low-calorie diets is associated with long-term improvement of BP control in a clinical setting.
Methods
Details of this cohort study, which is on the way since 1989 in the outpatient hypertension clinic of the Hospital de Clinicas de Porto Alegre, have been reported elsewhere. 7, 8 Adult patients referred to our clinic, mostly with uncomplicated hypertension, but with uncontrolled BP (office BP ≥140/90 mm Hg) and with a follow-up of at least 1 year and not more than 3 years, were included in this analysis.
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The baseline diagnosis of hypertension was based on six BP measurements done in three consultations, with periodically calibrated aneroid sphygmomanometers (Tycos; Welch Allyn, Skaneateles Falls, NY), with cuff-sizes appropriate to the arm circumference. A detailed protocol, with questions about the patient's risks for hypertension, habits, previous treatments, followed by a complete physical examination, including optic funding examination under pharmacological mydriasis, was employed for data collection. Data were entered in an electronic database specifically designed for the cohort. Determination of blood glucose, cholesterol, potassium, and creatinine, and an electrocardiogram were also part of the baseline evaluation. The protocol employed in the baseline evaluation had 96 questions, some with various items, originating more than 300 variables. Investigation of secondary hypertension was done according to the recommendations from guidelines. Patients with suspected secondary hypertension were not excluded from the present analyses unless they were submitted to specific therapies (renal artery angioplasty, for instance). Patients who did not return for the 1-year follow-up visit and those who were hospitalized for complications of hypertension were excluded.
All patients received detailed nonpharmacological recommendations to stop smoking and alcoholic beverage consumption, to change diet, to practice aerobic exercises, and to change the method of contraception when applicable. The orientation for a low-salt diet included the reduction of the amount of salt used in the preparation of cooked meals and added to salads, and the advice to abstain from foods rich in sodium, such as canned goods, cheese, sausage, and ham. Patients were oriented to check the amount of salt in the label of food products. The goal to achieve a daily ingestion of <6 g of sodium chloride per day was presented. Low-calorie diet was recommended to patients with a body mass index (BMI) equal to or higher than 25 kg/m 2 . A low-energy intake diet (1,000-1,500 kJ) was prescribed, mainly with reduction of carbohydrates, refined sugar, and saturated fat. We recommended to substituting commercially processed foods by natural foods such as fruit and legumes. In the more recent years, a DASH-like diet was recommended to all. The physical activity prescribed for most patients was to walk at least 30 min 3 days per week. Some already had this physical activity during their usual daily activity, and others were practicing other dynamic exercises, such as aerobics or swimming.
At each follow-up visit, patients answered to a questionnaire with 22 question that included the evaluation of adherence to drug and non-drug prescriptions. Patients were systematically asked to characterize its adherence to each non-drug recommendation since the last consultation in total (strict), partial or nonadherence at all. Lifestyle changing advice was reinforced at each visit. Interns, graduate students. and physicians in charge for consultations were trained to recommend the non-drug interventions, but details of such prescription were left to discretion of each professional. About a third of patients had additional consultations with a nutritionist or a nurse, and patients with suspected nonadherence to drug treatment were referred for pharmaceutical care in recent years. 9 In this report, we evaluated the effectiveness of the adherence to the low-salt and low-calorie diets and to the recommendation to enhance physical activity. Patients were categorized by the informed pattern of adherence to these recommendations, according the predominant response given to the questioning done at each consultation. Patients who informed to have predominantly a full or partial adherence to the specific recommendation were classified as adherents, and compared to those who had a predominant pattern of no adherence. Loss of weight between the baseline evaluation and the index visit (see below) was another exposure variable, stratified in none or increase, loss of 0.1-2 kg, 2.1-4.0 kg, and more than 4.0 kg.
Deltas of systolic and diastolic BP between the baseline consultation and the index consultation, which was the last that the patient had between 1 and 3 years of follow-up, were calculated for patients with and without adherence to each nondrug advice. The between group deltas of BP change (delta in patients with adherence minus the delta of change in patients without adherence) were one of the outcomes. The other outcome variable was a dummy variable defined by a fall of at least 10 mm Hg in systolic or 5 mm Hg in diastolic BP (without increase in the counterpart BP). This intensity of BP reduction has been usually seen in clinical trials and has been associated with relevant fall in the incidence of hard outcomes (improvement of prognosis). Student's t-test, analysis of variance, and χ 2 were employed in the univariate comparisons. Analysis of covariance was used to adjust for correspondent baseline BP, BMI, age, and number of drugs in use in the index visit. Relative risks for improvement in prognosis were calculated in Poisson regression models, using a robust error variance procedure, and adjusting for the same set of confounding variables. To control for the time of follow-up, the natural logarithm of days of follow-up were forced in the model to compare the incidence of BP response by unit of time. Interaction terms between the adherence to the non-drug recommendations, keeping in the model the original terms of adherence to the non-drug recommendations, were forced in the model, adjusting for the same set of confounders. The codes for adherence to the non-drug recommendations were reversed to present an improvement in prognosis by relative risks below 1.0. There was not a priori calculation of sampling size, in face of the nature of data collection. The possibility of occurrence of a β-error was evaluated by calculation of the statistical power of associations that did not refute H0.
results
In total, 825 patients out of 2,305 enrolled in the cohort during the period of data collection, fulfilled the criteria for inclusion and were analyzed. Most of the patients who were lost in the follow-up did not return to the medical consultation after 1 year. Participants who did not return were younger (53.1 ± 13.4 vs. 56.7 ± 12.5, P < 0.001) and had higher baseline BP (160.1 ± 28.2 mm Hg vs. 156.9 ± 26.8, P = 0.010 for systolic and 95.4 ± 16.2 vs. 91.4 ± 14.1, P <0.001 for diastolic BP) than those who were included in the analysis. There was no other relevant difference between the participants included and original contributions Lifestyle Change Effectiveness in Hypertension excluded from the cohort analysis. The mean follow-up time was 23.1 ± 8.4 months. Table 1 presents the main characteristics of patients classified by the pattern of informed adherence to each nonpharmacological recommendation. Patients with adherence to the diets were older, had more consultations, longer followup, were using more drugs in the index consultation, were more frequently obese, and had higher baseline systolic BP Patients with adherence to the diets but not to physical activity had significant reduction of systolic and diastolic BP between the baseline evaluation and the index consultation ( Table 2 ). The deltas of BP between patients who adhered and did not adhere, adjusted for confounding (Table 3) , remained statistically higher in patients with adherence to the diets and not significant for physical activities. Replacing the number of drugs in use in the index consultation by the number of drugs in use in the baseline evaluation did not change the estimates substantially. There was no interaction between the adherence to the nonpharmacological interventions.
The proportion of patients with a fall of at least 10 mm Hg in systolic BP or 5 mm Hg in diastolic BP was significantly higher in participants with adherence to the diets but not to physical activity ( Table 4) . After adjustment for confounding (Table 5) , adherence to the low-salt diet remained significantly associated with improvement in prognosis, and adherence to the lowcalorie diet showed a trend for association with improvement in prognosis. In the models with interaction terms between the adherence to the non-drug recommendations, there was no interaction between the adherence to the nonpharmacological interventions. The pattern of adherence to drug treatment was associated with improvement in prognosis as well (relative risk = 0.76, 95% confidence interval: 0.58-0.99, P = 0.04), but did not interact with the pattern of adherence to any of the nondrug recommendations. Figure 1 shows that the deltas of systolic and diastolic BP change between the baseline evaluation and the index consultation were higher in patients who lost weight between the baseline and the index consultation, particularly if more than 2 kg. Table 6 shows that the reduction of BP in patients who lost at least 2 kg remained statistically significant after adjustment for confounding.
discussion
This cohort study, carried out in patients under care for hypertension in an outpatient clinic, identified a BP-lowering effect associated with adherence to the repeated advice to follow low-salt and low-calorie diets. The fall in BP was independent of age, baseline BP, BMI, and of the number of BP-lowering agents in use in the index consultation. The magnitude of the effect-more than 5 mm Hg for systolic BP and around 2 mm Hg for diastolic BP-was clinically relevant. 10 According to the Collaborative Group meta-analysis of the cohort studies that identified the risks of increasing BP, 10 this difference of BP would result in ~12.5% reduction in the incidence of fatal cardiovascular events. More patients adhered to the low-salt diet than to the other non-drug recommendations (two-thirds vs. one-third, approximately). Adherence to the practice of 
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Lifestyle Change Effectiveness in Hypertension physical exercises was not associated with a significant BP fall during the follow-up. Patients who lost least 2 kg, and particularly of 4 kg between the baseline and the index consultation had a relevant fall of systolic BP. Participants with compliance with the low-calorie diet lost ~1.5 kg, in comparison with no weight loss in nonadherent participants. This finding supports the interpretation that the BP reduction in participants who reported adherence to the low-calorie diet was mediated by weight loss.
To the best of our knowledge, our findings cannot be directly compared with any similar report in the literature other than our first report of effectiveness in this cohort study. 7 A comprehensive search did not identify any study with a nonrandomized comparison of the effects of adherence to non-drug treatment in a clinical setting. In the first report, a short-term effectiveness (3 months) was identified only for adherence to the low-calorie diet, and informed adherence to the low-salt diet showed a trend for benefit. 7 The current observation, with higher statistical power, showed that the effectiveness of the adherence to the diets persisted for almost 2 years in the average. Clinical trials have shown modest long-term effects of low-salt and low-calorie diets. 5, 11 For instance, in the metaanalysis of Taylor and co-authors, 2 of clinical trials with long duration in patients with hypertension, the fall of salt ingestion in the intervention group was only 39.1 mmol/24 h of sodium (~1 g of sodium) higher than in patients from the control group. Nonetheless, findings from clinical trials and from our study can be hardly compared. Patients with voluntary adherence to the dietary recommendations in the clinical setting are certainly different from those who do not follow these recommendations. In clinical trials patients with willingness and unwillingness to adopt low-salt and low-calorie diets, and to practice physical exercises, were equally distributed in the 
Lifestyle Change Effectiveness in Hypertension experimental groups. Moreover, the prescription of diets, the frequency of consultations and the setting of data collection are quite different in clinical trials and in the real world.
The lack of a BP-lowering effect associated with informed adherence to physical activity might be secondary to a misreport of the degree of compliance or to the absence of an antihypertensive effect of exercise done at the intensity prescribed. The possibility that the absence of effect of adherence to the recommendation to do exercise was secondary to low statistical power is unlikely, in face of the very small trend for benefit of the adherence to this recommendation. Misreporting is unlikely, considering that the reported compliance with the diets was associated with reduction of BP. Guidelines have proposed 30-45 min daily of moderate intensity physical exercise to treat hypertension, 12 but in the meta-analysis of clinical trials of physical exercise there was no substantial difference of effect by duration and intensity of exercise. 6 The average office BP-lowering effect identified in clinical trials was not high (3.8 and 2.6 mm Hg for systolic and diastolic BP, respectively). 6 In a trial with control for co-intervention, we did not find a relevant fall in BP measured by ambulatory BP measurement in patients submitted to aerobic training programs at 60% of the maximum work. 13 In a recent clinical trial, with a large number of participants with diabetes, a pedometer-based activity program of physical exercises had no effect over BP during a follow-up of 1 year. 14 The possibility that physical exercise is deprived of a direct and relevant long-term BP-lowering effect cannot be discarded at all. Nevertheless, adherence to the recommendation to do physical exercises helped to lose weight.
Some weaknesses and strengthens of our study deserve mention. Losses in follow-up may have influenced the size of benefit in patients who received recommendations to change lifestyle. Presumably, most of those who did not return for follow-up consultations were nonadherent, a condition that would not influence the effectiveness of the compliance with the diets, but would diminish the proportion of individuals adherent to the prescription and to their beneficial effects. In face of the high proportion of women in our outpatient clinic, the generalization of our findings to men is limited, but there was no difference of effectiveness by gender in our analyses. The evaluation of adherence exclusively based on the information of the patients is open to a measurement bias, since an unknown proportion of them could be counseling their real behavior from the doctors. Nonetheless, this would be a conservative bias, since we did find an association between the adherence informed by the patients to the diets and fall in BP. Among the strengths of our study, there are the relatively long period of follow-up, the meticulous data collection, and the demonstration of the independent effect of each dietary recommendation. Therefore, the demonstration that repeated usual non-drug dietary advice to treat hypertension is effective in the real world should encourage clinicians to compel their patients to follow these recommendations. Creative methods to persuade the nonadherent patients to change their lifestyle are necessary.
In conclusion, adherence to low-salt and to low-calorie diets is associated with clinically relevant BP-lowering effect and improvement of prognosis of patients at care for hypertension in a clinical setting. The lack of effect to the adherence to recommendation to practice physical exercises may be due to inefficacy of the method to prescribe this recommendation. Dietary changing as a part of lifestyle modification is an objective that should be continuously pursued to improve the rate of control of BP in a clinical setting. 
